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Background of the Invention 

The present invention relates to a process for the preparation of organosiiicon disulfide compounds. Organosilicon 
disulfides are known adhesion promoters in sulfur-vulcanizable rubber mixtures reinforced with inorganic materials 
such as glass Si0 2 . aluminosilicates and carbon black. For example, in GB 1 ,484,909. there is disclosed a process for 
the preparation of organo trial koxysilane disulfides. In accordance with the teachings of this reference, mercaptopropyl 
trimethoxy silane or mercaptopropyl triethoxy silane is reacted with sulfuryi chloride in an inert solvent at temperatures 
of from 0° to 100°. The disulfide is then obtained by fractional distillation. The yields of desired product range in the 
neighborhood of 63 to 65 percent of theoretical. 

U.S. Patent 3,842,1 1 1 discloses a method for the preparation of organosilicon disulfide compounds by oxidizing 
mercaptoaikoxysilanes. Representative oxidizing agents include oxygen, chlorine, halogens of atomic weight 35 to 1 27, 
nitric oxide, sulfuryi chloride and sulfoxides. 

Generally speaking, organosilicon disulfide compounds are very expensive and, with the increasing interest in sil- 
ica-reinforced vulcanizable rubber, more cost-efficient methods of preparing these compounds are needed. 



Summary of the Invention 

The present invention relates to a process for the preparation of a organosilicon disulfide compounds. The present 
invention may be used to prepare symmetrical organosilicon disulfide compounds of the formula 



2 — R 1 — S2 — R 1 — Z , 
j?s unsymmetrical organosilicon disulfide compounds of the formula 




30 



and mixtures thereof, wherein Z is selected from the group consisting of 

35 

R 2 R 2 R 3 

— Si — R 2 — Si — R 3 — Si — R 

40 R 3 , R and R 3 



II 



wherein R 2 may be the same or different and is independently selected from the group consisting of an alkyl group hav- 
ing 1 to 4 carbons and phenyl; R 3 may be the same or different and is independently selected from the group consisting 
45 of alkoxy groups having 1 to 8 carbon atoms and cycloalkoxy groups with 5 to 8 carbon atoms; and R 1 is selected from 
the group consisting of a substituted or unsubstituted alkylene group having a total of 1 to 1 8 carbon atoms and a sub- 
stituted or unsubstituted arylene group having a total of 6 to 12 carbon atoms. 

Detailed Description of the Invention 

50 

There is disclosed a process for the preparation of organosilicon disulfide compounds comprising reacting 
(a) a sulfenamide compound of the formula 

, S5 
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where R 4 is selected from the group consisting of hydrogen, acyclic aliphatic groups having from 1 to 10 carbon 
atoms and cyclic aliphatic groups having from 5 to 10 carbon atoms; and R 5 is selected from the group consisting 
of acyclic aliphatic groups having 1 to 10 carbon atoms and cyclic aliphatic groups having from 5 to 10 carbon 
atoms; with 

(b) a mercaptosilane compound of the formula 



wherein 2 is selected from the group consisting of 



IV 



20 



25 



R^ 

i 

Si — R 2 



— Si — R 3 



and 



R J 

— Si — R 3 



wherein R 2 may be the same of different and is independently selected from the group consisting of an alkyl group 
having 1 to 4 carbon and phenyl; R 3 may be the same of different and is independently selected from the group 
30 consisting of alkoxy groups having 1 to 8 carbon atoms and cycloalkoxy groups with 5 to 8 carbon atoms; and R 1 
is selected from the group consisting of a substituted or unsubstituted alkylene group having a total of 1 to 18 car- 
bon atoms and a substituted or unsubstituted arylene group having a total of 6 to 12 carbon atoms. 

The present invention relates to a process for the preparation of organosilicon disulfide compounds. Representa- 

35 tive organosilicon disulfide compounds of formula I which may be prepared in accordance with the present invention 
include 2.2 , *is(trimethoxysilylethyl) disulfide; 3,3'-bis(trimethoxysilylpropyl) disulfide; 3,3'-bis(triethoxysilylpropyi) 
disulfide; 2.2'-bis(triethoxysilylpropyl) disulfide; 2,2'-bis(tripropoxysilylethyl) disulfide; 2,2 , -bis(tri-sec-butoxysilylethyl) 
disulfide; 2,2 , -bis(tn-t-butoxysilylethyl) disulfide; 3,3'-bis(triisopropoxysilylpropyl) disulfide; 3.3'-bis(trioctoxysilylpropyl) 
disulfide; 2,2 , -bis(2'-ethylhexoxysilyiethyl) disulfide; 2,2'-bis(dimethoxy ethoxysilylethyl) disulfide; 3,3'-bis(methox- 

40 yethoxypropoxysilylpropyl) disulfide; 3,3'-bis(dimethoxymethylsilylpropyl) disulfide; 3,3'-bis(methoxy dimethylsilytpropyl) 
disulfide; 3,3-bis(diethoxymethylsilylpropyl) disulfide; 3,3'-bis(ethoxydimethylsilylpropyl) disulfide; 3.3'-bis(cyclohexoxy 
dimethylsilylpropyl) disulfide; 4.4'-bis(trimethoxysilylbutyl) disulfide; S^'-bisCtrimethoxysilyl-S-methylpropyl) disulfide; 
3.3'-bis(tripropoxysilyl-3-methylpropyl) disulfide; 3,3'-bis(dimethoxy methylsilyi-3-ethylpropyl) disulfide; 3,3'-bis(trimeth- 
oxysilyl-2-methylpropyl) disulfide; 3,3'-bis(dimethoxyphenylsilyl-2-methylpropyl) disulfide; 3.3'-bts(trimettoxysilylcy- 

45 clohexyl) disulfide; 12 t 12*-bis(trimethoxysilyldodecyl) disulfide; 12,12'-bis(triethoxysilyldodecyl) disulfide; 18,18*- 
bis(trimethoxysilyloctadecyl) disulfide; IS.I^-bisCmethoxydimethylsilyloctadecyl) disulfide; 2,2'-bis(trimethoxysilyl-2- 
methylethyl) disulfide; 2,2'-bis(tripropoxysilyl-2-methylethyl) disulfide; 2,2 , -bis(trioctoxysilyl-2-methylethyl) disulfide; 
2,2'-bis(trimethoxysilyl-phenyl) disulfide; 2,2MDis(triethoxysilyl-phenyl) disulfide; 2.2'-bis(trimethoxysilyl-tolyl)disulfide; 
2 1 2-bis(triethoxysilyl-tolyl)disulfide; 2,2*-bis(trimethoxysilyl-methyl tolyl) disulfide; 2,2 , -bis(triethoxysilyl-methyl tolyl) 

so disulfide; 2,2'-bis(trimethoxysilyl-ethyl phenyl) disulfide; 2.2 , -bis(triethoxysilyl-ethyl phenyl) disulfide; 2,2'-bis(trimethox- 
ysilyl-ethyl tolyl) disulfide; 2.2 , -bis(triethoxysilyl-ethyl tolyl) disulfide; 3.3'-bis(trimethoxysilyl-propyl phenyl) disulfide; 
3,3 f -bis(triethoxysilyl-propyl phenyl) disulfide; S.S'-bisftrimethoxysilyl-propyl tolyl) disulfide; and 3.3-bis(triethoxysilyl- 
propyl tolyl) disulfide. 

Representative organosilicon disulfide compounds of formula II which may be prepared in accordance with the 
55 present invention include 2-benzothiazyl-(3-triethoxysilyl)propyi disulfide; 2-benzothiazyl-(2-trimethoxysilylethyl) 
disulfide; 2-benzothiazyl-(3-trimethoxysilylpropyl) disulfide; 2-benzothiazyl-(2-triethoxysilylpropyl) disulfide; 2-benzothi- 
azyl-(2-tripropoxysilylethyl) disulfide; 2-benzothiazyl-(2-tri-sec-butoxysilyl ethyl) disulfide; 2-benzothiazyl-(2-tri-t-butox- 
ysilylethyl) disulfide; 2-benzothiazy1-(3-triisopropoxysilylpropyl) disulfide; 2-benzothiazyl-(3-trioctoxysilylpropyl) 
disulfide; 2-benzothiazyl-(2-2*-ethylhexoxysilylethyl) disulfide; 2-benzothiazyl-(2-dimethoxy ethoxysilylethyl) disulfide; 2- 



3 
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benzothiazyl-(3-methoxyethoxypropoxysilylpropyl) disulfide; 2-benzothiazyl-(3-dimethoxymethylsilylpropyl) disulfide; 2- 
benzothiazyl-(3-methoxy dimethylsilytpropyl) disulfide; 2-benzothiazyl-(3<Jiethoxymethylsilylpropyl) disulfide; 2-benzo- 
thiazyl-(3-ethoxydimethylsilylpropyl) disulfide; 2-benzothiazyl-(3-cyclohexoxy dimethylsilylpropyl) disulfide; 2-benzothi- 
azyl-(4-trimethoxysilylbutyl) disulfide; 2-benzothiazyl-(3-trimethoxysilyl-3-methylpropyl) disulfide; 2-benzothiazyl-(3- 
tripropoxysilyl-3-methylpropyl) disulfide; 2-benzothiazyl-(3-dimethoxy methylsilyl-3-ethylpropyl) disulfide; 2-benzothi- 
azyl-(3-trimethoxysilyl-2-methylpropyl) disulfide; 2-benzothiazyl-(3-dimethoxyphenylsilyl-2-methylpropyl) disulfide; 2- 
benzothiazyl-(3-trimethoxysilylcyclohexyl) disulfide; 2-benzothiazyl-(l2-trimethoxysilyldodecyl) disulfide; 2-benzothi- 
azyl-(12-triethoxysilyldodecyl) disulfide; 2-benzothiazyl-(18-trimethoxysilyloctadecyl) disulfide; 2-benzothiazyl-(18- 
methoxydimethylsilyloctadecyl) disulfide; 2-benzothiazyl-(2-trimethoxysilyl-2-methylethyl) disulfide; 2-benzothiazyl-(2- 
tripropoxysiiyl-2-methylethyl) disulfide; 2-benzothiazyi-(2-trioctoxysilyl-2-methylethyl) disulfide; 2-benzothiazyl-(2-tri- 
methoxysilyl-phenyl) disulfide; 2-benzothiazy1-(2-triethoxysilyl-phenyl) disulfide; 2-benzothiazyl-(2-trimethoxysilyl- 
tolyl)disulfide; 2-benzothiazyl-(2-triethoxysilyl-tolyl)disulfide; 2-benzothiazyl-(2-trimethoxysilyl-methyl tolyl) disulfide; 2- 
benzothiazyl-(2-triethoxysilyl-methyl tolyl) disulfide; 2-benzothiazyl-(2-trimethoxysilyl-ethyl phenyl) disulfide; 2-benzo- 
thiazyl-(2-triethoxysilyl-ethyl phenyl) disulfide; 2-benzothiazyl*(2-trimethoxysilyl-ethyl tolyl) disulfide; 2-benzothiazyl-{2- 
triethoxysilyl-ethyl tolyl) disulfide; 2-benzothiazyl-(3-trimethoxysilyl-propyl phenyl) disulfide; 2-benzothiazyl-( 3 -triethox- 
ysilyl-propyl phenyl) disulfide; 2-benzothiazyl-(3-trimethoxysiIyl-propyl tolyl) disulfide; and 2-benzothiazyl-(3-triethoxys- 
ilyl-propyl tolyl) disulfide. 

With reference to formulas I and II, preferably R 1 is a alkylene group having 1 to 3 carbon atoms 
Zis 



R 3 

— Si — R 3 



and R 3 is an alkoxy group having from 1 to 3 carbon atoms. 

The desired products are prepared by reacting a sulfenamide compound of formula HI with a mercaptosilane com- 
pound of formula IV Representative examples of compounds of formula III include N-cyclohexyl-2-benzothiazylsulfena- 
mide, N-t-butyl-2-benzothiazylsulfenamide, N.N-dicyclohexyl-2-benzothiazylsulfenamide, N-isopropyl-2-benzo- 
thiazylsulfenamide, N,N-dimethyl-2-benzothiazylsulfenamide. N,N-di ethyl -2 -benzothiazyl sulfenamide, N,N-dipropyl-2- 
benzothiazylsulfenamide, N,N-diisopropyl-2-benzothiazyl-sulfenamide and N,N-diphenyl-2-benzothiazylsulfenamide. 
Preferably, the sulfenamide is N-cyclohexyl-2-benzothiazylsulfenamide. 

Representative examples of compounds of formula IV include 2-mercaptoethyl trimethoxysilane, 3-mercaptopropyl 
trimethoxysilane. 3-mercaptopropyl triethoxysilane, 2-mercaptopropyl triethoxysilane, 2-mercaptoethyl tripropoxysi- 
lane, 2-mercaptoethyl tri sec-butoxysilane, 3-mercaptopropyl tri-t-butoxysilane. 3-mercaptopropyl triisopropoxysilane; 
3-mercaptopropyl trioctoxysilane, 2-mercaptoethyl tri-2-ethylhexoxysilane, 2-mercaptoethyl dimethoxy ethoxysilane. 3- 
mercaptopropyl methoxyethoxypropoxysilane, 3-mercaptopropyl dimethoxy methylsilane, 3-mercaptopropyl methoxy 
dimethylsilane, 3-mercaptopropyl diethoxy methylsilane, 3-mercaptopropyl ethoxy dimethylslane, 3-mercaptopropyl 
cyclohexoxy dimethyl silane, 4-mercaptobutyl trimethoxysilane, 3-mercapto-3-methylpropyltrimethoxysilane, 3-mer- 
capto-3-methylpropyl-tripropoxysilane, 3-mercapto-3-ethylpropyl-dimethoxy methylsilane, 3 -mercapto-2-methy (propyl 
trimethoxysilane, 3-mercapto-2-methylpropyl dimethoxy phenylsilane, 3-mercaptocyclohexyl-trimethoxysilane, 12-mer- 
captododecyl trimethoxysilane, 12-mercaptododecyl triethoxysilane. 18-mercaptooctadecyl trimethoxysilane, 18-mer- 
captooctadecyl methoxydimethylsilane, 2-mercapto-2-methylethyl-tripropoxysilane, 2-mercapto-2-methylethyl- 
trioctoxysilane. 2-mercaptophenyl trimethoxysilane, 2-mercaptophenyl triethoxysilane; 2-mercaptotolyl trimethoxysi- 
lane; 2-mercaptotolyl triethoxysilane; 2-mercaptomethyltolyl trimethoxysilane; 2-mercaptomethyltolyl triethoxysilane; 2- 
mercaptoethylphenyl trimethoxysilane; 2-mercaptoethylphenyl triethoxysilane; 2-mercaptoethyltolyl trimethoxysilane; 
2-mercaptoethyltolyl triethoxysilane; 3-mercaptopropylphenyl trimethoxysilane; 3-mercaptopropylphenyl triethoxysi- 
lane; 3-mercaptopropyltolyl trimethoxysilane; and 3-mercaptopropyltolyl triethoxysilane. 

With reference to formula IV, preferably Z is 



— Si — R 3 
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R 3 is an alkoxy group having from 1 to 3 carbon atoms and R 1 is an alkylene group having 2 to 3 carbon atoms. 

The molar ratio of the compound of formula III to the compound of formula IV may range from 1 :5 to 5:1 . Preferably, 
the molar ratio ranges from 1 :3 to 3:1 with a range of from 1 : 1 to 1 :2 being particularly preferred. As can be appreciated 
by the teachings herein, by varying the molar ratio of the compound of formula III to the compound of formula IV, one 
produces varying weight percentage of the symmetrical organosilicon disulfide of formula I and the unsymmetrical 
organosilicon disulfide for formula II. 

The reaction should be conducted in the absence of water because the presence of a alkoxysilane moiety may be 
hydrolysed by contact with water. 

The reaction of the present invention may be conducted in the presence of an organic solvent. Suitable solvents 
which may be used include chloroform, dichloromethane, carbon tetrachloride, hexane, heptane, cyclohexane, xylene, 
benzene, dichloroethylene, trichloroethylene, dioxane, diisopropyl ether, tetrahydrofuran and toluene. As indicated 
above, care should be exercised to avoid the presence of water during the reaction. Therefore, none of the above sol- 
vent should contain any appreciable levels of water. Preferably, the organic solvent is chloroform, heptane, xylene, 
cyclohexane or toluene. 

is The reaction may be conducted over a variety of temperatures. Generally speaking, the reaction is conducted in a 
temperature ranging from 20° C to 140° C. Preferably, the reaction is conducted at a temperature ranging from 50°C to 
90°C. 

The process of the present invention may be conducted at a variety of pressures. Generally speaking, however, the 
reaction is conducted at a pressure ranging from .096 to 4.83 kg/cm 2 . 

20 

Example 1 

Preparation Qf g-BQnzothiazvl-f3-Triethoxvsilvl) Propyl Dis u lfide and Bis (3-TriethoxvsilvnPropvl Disulfide 

25 A 1 -quart (0.946 I) glass reactor was charged with 400 ml of mixed xylenes, 25.1 g (0.10 mole) of N-cyclohexyl-2- 

benzothiazolesuffenamide, 23.8 g (0.10 mole) of 3-mercaptopropyltriethoxysilane and shaken for a few minutes, 
wherein an exotherm to 32°C was observed and a thick off-white-to-yellow precipitate began to form. The reaction was 
stirred for 4 hours, filtered and dried under 29 inches of Hg vacuum, to give 18 g of a liquid product containing 27.2 per- 
cent by weight of 2-benzothiazyl-(3-triethoxysilyl)propyl disulfide and 42.7 percent by weight of bis (3-triethoxysilyl)pro- 
pyl disulfide, with 19 percent by weight of starting material as determined by GPC and mass spectrometry analysis. 

Example 2 

Preparation of Bistt-TriethoxvsilvnP roovl Disulfide 



30 



35 



40 



50 
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A 1 -quart (0.946 I) glass reactor was charged with 400 ml of mixed xylenes, 25.1 g (0.10 mole) of N-cyclohexyl-2- 
benzothiazolesulfenamide, 47.6 g (0.20 mole) of 3-mercaptopropyltrrethoxysilane and shaken for a few minutes, 
wherein an exotherm to 33°C was observed and a thick off-white-to-yellow-brown precipitate began to form. The reac- 
tion was stirred for 4 hours, filtered and stripped under 29 inches of Hg vacuum, to give 44.5 g of a liquid product con- 
taining 98 percent by weight of big (3-triethoxysilyl)propyl disulfide, as determined by GPC and mass spectrometry 
analysis. The precipitate weighed 38.4 g and was determined to be mercaptobenzothiazole. 



Example 3 

4 $ Preparation of Bis(3-Triethoxvsilvn Propyl Disulfide 

A 1 -quart (0.946 I) glass reactor was charged with 400 ml of mixed xylenes, 23.9 g (0.10 mole) of N-t-butyl-2-ben- 
zothiazolesulfenamide, 47.6 g (0.20 mole) of 3-mercaptopropyltriethoxysilane and shaken for a few minutes, wherein 
an exotherm to 33°C was observed and a thick off-white-to-yellow-brown precipitate began to form. The reaction was 
stirred for 4 hours, filtered and stripped under 29 inches of Hg vacuum, to give 40.0 g of a liquid product containing 97 
percent by weight of bis (3-triethoxysiIyl)propyl disulfide, as determined by GPC and mass spectrometry analysis. The 
precipitate weighed 30.6 g and was determined to be mercaptobenzothiazole. 



Claims 

1 . A process for the preparation of organosilicon disulfide compounds comprising reacting 
(a) a sulfenamide compound of the formula 



5 



BNSOOCIO: <EP 078S206A1 _l_> 



EP 0 785 206 A1 




III 



10 where R 4 is selected from the group consisting of hydrogen, acyclic aliphatic groups having from 1 to 1 0 carbon 

atoms and cyclic aliphatic groups having from 5 to 10 carbon atoms; and R 5 is selected from the group con- 
sisting of acyclic aliphatic groups having 1 to 10 carbon atoms and cyclic aliphatic groups having from 5 to 10 
carbon atoms; with 

(b) a mercaptosilane compound of the formula 



75 



20 



Z — R 1 — SH IV 
wherein Z is selected from the group consisting of 

R 2 R 2 R 3 

— Si — R 2 — Si — R 3 — Si — R 3 

R 3 , R 3 and R 3 



wherein R 3 may be the same of different and is independently selected from the group consisting of an alkyl 
group having 1 to 4 carbon and phenyl; R 3 may be the same of different and is independently selected from 
30 the group consisting of alkoxy groups having 1 to 8 carbon atoms and cycloalkoxy groups with 5 to 8 carbon 

atoms; and R 1 is selected from the group consisting of a substituted or unsubstituted alkylene group having a 
total of 1 to 18 carbon atoms and a substituted or unsubstituted arylene group having a total of 6 to 12 carbon 
atoms. 

35 2. The process according to claim 1 wherein 
Zis 



R 3 

Si — R 3 



45 

R 3 selected from the group consisting of alkoxy groups having 1 to 2 carbon atoms and R 1 is an alkylene group 
having 1 to 3 carbon atoms. 

3. The process of any preceding claim wherein the molar ratio of the compound of formula III to the compound of for- 
so mula IV ranges from 1 :5 to 5: 1 . 

4. The process of any preceding claim wherein said organosilicon disulfide compounds are of the formula 

Z — R 1 — S 2 — R 1 — Z I 

55 

and 
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C — S 2 — R 1 — Z II 



wherein 2 is selected from the group consisting of 



R 2 R 2 R 3 

•Si-R 2 -Si — R 3 -Si-R 3 

R 3 R 3 and R 3 



wherein R 2 may be the same or different and is independently selected from the group consisting of an alkyl group 
having 1 to 4 carbons and phenyl; R 3 may be the same or different and is independently selected from the group 
consisting of alkoxy groups having 1 to 8 carbon atoms and cycloalkoxy groups with 5 to 8 carbon atoms; and R 1 
20 "S selected from the group consisting of a substituted or unsubstituted alkylene group having a total of 1 to 18 car- 
bon atoms and a substituted or unsubstituted arylene group having a total of 6 to 1 2 carbon atoms. 

5. The process of any preceding claim wherein said organosilicon disulfide of formula I is selected from the group con- 
sisting of 2,2'-bis(trimethoxy$ilylethyi) disulfide; 3.3*-bis(trimethoxysilylpropyl) disulfide; S.S'-bisftriethoxysilylpropyl) 

25 disulfide; 2,2-bis(tripropoxysilylethyt) disulfide; 2,2'-bis(triethoxysilylpropyl) disulfide; 2,2'-bis(tri-sec-butoxysilyle- 
thyl) disulfide; 2,2-bis(tri-t-butoxyethyl) disulfide; 3,3'-bis(triisopropoxysilylpropyl) disulfide; 3.3'-bis(trioctoxysilyl- 
propyl) disulfide; 2,2*-bis(2 , -ethylhexoxysilylethyl) disulfide; 2,2 , -bis(dimethoxy ethoxysilylethyl) disulfide; 3,3'- 
bis(methoxyethoxypropoxysilylpropyl) disulfide; 3,3-bis(dimethoxymethylsilylpropyl) disulfide; 3,3'-bis(methoxy 
dimethylsilylpropyl) disulfide; 3.3'-bis(diethoxymethylsilylpropyl) disulfide; 3, 3'-bis(ethoxydimethylsilyl propyl) 

30 disulfide; 3.3'-bis(cyclohexoxy dimethylsilylpropyl) disulfide; 4,4'-bis(trimethoxysilylbutyl) disulfide; 3.3'-bis(trimeth- 
oxysilyl-3-methylpropyl) disulfide; 3,3*-bis(tripropoxysilyl-3-methylpropyl) disulfide; 3.3'-bis(dimethoxy methylsilyl-3- 
ethylpropyl) disulfide; 3.3'-bis(trimethoxysilyl-2-methylpropyl) disulfide; 3,3'-bis(dimethoxyphenylsilyl-2-methylpro- 
pyl) disulfide; 3,3 -bis(trimethoxysilylcyclohexyl) disulfide; 12.12'-bis(trimethoxysilyldodecyl) disulfide; 12.12*-bis(tri- 
ethoxysilyldodecyl) disulfide; 1 8, 1 8 f -bis(trimethoxysiiyloctadecyl) disulfide; 1 8, 1 8*-bis(methoxydimethylsilyl- 

35 octadecyl) disulfide; 2, 2'-bis(trimethoxysilyl-2 -methyl ethyl) disulfide; 2,2*-bis{tripropoxysilyi-2-methylethyl) disulfide; 
2,2 , -bis(trioctoxysilyl-2-methylethyl) disulfide; 2 t 2'-bis(trimethoxysilyl-phenyl) disulfide; 2.2'-bis(triethoxysilyl -phe- 
nyl) disulfide; 2,2 , -bis(trimethoxysilyl-tolyl)disulfide; 2,2 , -bis(triethoxysilyl-tolyl)disulfide; 2,2'-bis(trimethoxysilyl- 
methyl tolyl) disulfide; 2,2'-bis(triethoxysilyl-methyl tolyl) disulfide; 2,2'-bis(trimethoxysilyl-ethyl phenyl) disulfide; 
2,2'-bis(triethoxysilyl-ethyl phenyl) disulfide; 2.2*-bis(trimethoxysilyl-ethyl tolyl) disulfide; 2,2 , -bis(triethoxysilyl-ethyl 

40 tolyl) disulfide; 3,3*-bis(trimethoxysilyi-propyl phenyl) disulfide; 3, 3'-bis(triethoxysilyl -propyl phenyl) disulfide; 3,3'- 
bis(trimethoxysilyl-propyl tolyl) disulfide; and 3,3*-bis(triethoxysilyl-propyl tolyl) disulfide. 

6. The process of any preceding claim wherein said organosilicon disulfide of formula II is selected from the group 
consisting of 2-benzothiazyl-(3-triethoxysilyl)propyl disulfide; 2-benzothiazyl-(2-trimethoxysilylethyl) disulfide; 2- 

45 benzothiazyI-(3-trimethoxysilylpropyl) disulfide; 2-benzothiazyl-(2-triethoxysilylpropyl) disulfide; 2-benzothiazyl-(2- 
tripropoxysilylethyl) disulfide; 2-benzothiazyl-(2-tri-sec-butoxysilylethyl) disulfide; 2-benzothiazyl-(2-tri-t-butoxysi- 
lylethyl) disulfide; 2-benzothiazyl-(3-triisopropoxysilylpropyl) disulfide; 2-benzothiazyl-(3-trioctoxysilylpropyl) 
disulfide; 2-benzothiazyl-(2-2'-ethylhexoxysilylethyl) disulfide; 2-benzothiazyl-(2-dimethoxy ethoxysilylethyl) 
disulfide; 2-benzothiazyl-(3-methoxyethoxypropoxysilylpropyl) disulfide; 2-benzothiazyl-(3-dimethoxymethylsilyl- 

so propyl) disulfide; 2-benzothiazyl-(3-methoxy dimethylsilylpropyl) disulfide; 2-benzothiazyl-(3-diethoxymethylsilyl- 
propyl) disulfide; 2 -benzothiazyl-(3-ethoxydimethylsily (propyl) disulfide; 2-benzothiazyl-(3-cyclohexoxy dimethyl- 
silylpropyl) disulfide; 2-benzothiazyl-(4-trimethoxysilylbutyl) disulfide; 2-benzothiazyl-(3-trimethoxysilyl-3-methyl- 
propyl) disulfide; 2-benzothiazyl-(3-tripropoxysilyl-3-methylpropyl) disulfide; 2-benzothiazyl-(3-dimethoxy methylsi- 
lyl-3-ethy (propyl) disulfide; 2-benzothiazyl-(3-trimethoxysilyl-2-methylpropyl) disulfide; 2-benzothiazyl-(3- 

55 dimethoxyphenylsilyl-2-methylpropyl) disulfide; 2-benzothiazyl-(3-trimethoxysilylcyclohexyl) disulfide; 2-benzothi- 
azyl-(12-trimethoxysilyldodecyl) disulfide; 2-benzothiazyl-(12-triethoxysilyldodecyl) disulfide; 2-benzothiazyl-(18- 
trimethoxysilyloctadecyl) disulfide; 2-benzothiazyl-(1 8-methoxydimethylsilyloctadecyl) disulfide; 2-benzothiazyl-(2- 
trimethoxysilyl-2-methylethyl) disulfide; 2-benzothiazyl-(2-tripropoxysilyl-2-methylethyl) disulfide; 2-benzothiazyl- 
(2-trioctoxysilyl-2-methylethyl) disulfide; 2-benzothiazyl-(2-trimethoxysiiyl-pheny!) disulfide; 2-benzothiazyl-(2-tri- 
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ethoxysilyl-phenyl) disulfide; 2-benzothiazyl-(2-trimethoxysiiyl-tolyl)disulfide; 2-benzothiazyl-(2-triethoxysilyl- 
tolyl)disulfide; 2-benzothiazyl-(2-trimethoxysiIyl-methyl tolyl) disulfide; 2-benzothiazyl-(2-triethoxysilyl-methyl tolyl) 
disulfide; 2-benzothiazyl-(2-trimethoxysilyl-ethyl phenyl) disulfide; 2-benzothiazyl-(2-triethoxysilyl-ethyl phenyl) 
disulfide; 2-benzothiazyl-(2-trimethoxysilyl-ethyl tolyl) disulfide; 2-benzothiazyl-(2-triethoxysilyl-ethyl tolyl) disulfide; 
2-benzothiazyl-(3-trimethoxysilyl-propyl phenyl) disulfide; 2-benzothiazyl-(3-triethoxysilyl-propyl phenyl) disulfide; 

2- benzothiazyl-(3-trimethoxysilyl-propyl tolyl) disulfide; and 2-benzothiazyl-(3-triethoxysilyl-propyl tolyl) disulfide. 

The process of any preceding claim wherein said sulfenamtde compound of formula III is selected from the group 
consisting of N-cyclohexyl-2-benzothiazylsulfenamide, N-t-butyl-2-benzothiazylsulfenamide, N,N-dicyclohexyl-2- 
benzothiazylsulfenamide, N-isopropyl-2-benzothiazylsulfenamide, N,N-dimethyl-2-benzothiazylsulfenamide, N,N- 
diethyl-2-benzothiazylsulfenamide. N,N<Jipropyl-2-benzothiazylsulfenamide, N,N-diisopropyl-2-benzothiazyl- 
sulfenamide and N.N-diphenyl-2-benzothiazylsulfenamide. 

8. The process of any preceding claim wherein said compound of formula IV is selected from a group consisting of 2- 
15 mercaptoethyl trimethoxysilane, 3-mercaptopropyl trimethoxysilane, 2-mercaptopropyl triethoxysilane, 3-mercapto- 

propyl triethoxysilane, 2 -mercaptoethyl tripropoxysilane, 2-mercaptoethyl tri sec-butoxysilane, 3-mercaptopropyl tri- 
t-butoxysilane, 3-mercaptopropyl triisopropoxysilane; 3-mercaptopropyl trioctoxysilane, 2-mercaptoethyl tri-2*- 
ethylhexoxysilane, 2-mercaptoethyl dimethoxy ethoxysilane, 3-mercaptopropyl methoxyethoxypropoxystlane. 3- 
mercaptopropyl dimethoxy methylsilane. 3-mercaptopropyl methoxy dimethylsilane, 3-mercaptopropyl diethoxy 
20 methylsilane. 3-mercaptopropyl ethoxy dimethylsilane, 3-mercaptopropyl cyclohexoxy dimethyl silane, 4-mercapto- 
butyl trimethoxysilane, 3-mercapto-3-methylpropyltrimethoxysilane. 3-mercapto-3-methylpropyl-tripropoxysilane. 

3- mercapto-3-ethylpropyl-dimethoxy methylsilane, 3-mercapto-2-methylpropyl trimethoxysilane, 3-mercapto-2- 
methylpropyl dimethoxy phenylsilane, 3-mercaptocyclohexyl-trimethoxysilane, 12-mercaptododecyl trimethoxy 
silane, 12-mercaptododecyl triethoxysilane, 1 8-mercaptooctadecyl trimethoxysilane. 18-mercaptooctadecyl meth- 

^5 oxydimethylsilane. 2-mercapto-2-methylethyl-tripropoxysilane, 2-mercapto-2-methylethyl-trioctoxysilane, 2-mer- 

captophenyl trimethoxysilane. 2-mercaptophenyl triethoxysilane; 2-mercaptotolyl trimethoxysilane; 2-mercaptotolyl 
triethoxysilane; 2-mercaptomethyltolyl trimethoxysilane; 2-mercaptomethyltolyl triethoxysilane; 2-mercaptoethyl- 
phenyl trimethoxysilane; 2-mercaptoethylphenyl triethoxysilane; 2-mercaptoethyltolyl trimethoxysilane; 2-mercap- 
toethyltolyl triethoxysilane; 3-mercaptopropylphenyl trimethoxysilane; 3-mercaptopropylphenyl triethoxysilane; 3- 

30 mercaptopropyltolyl trimethoxysilane; and 3-mercaptopropyltolyl triethoxysilane. 

9. The process of any preceding claim wherein the reaction is conducted in absence of water and in the presence of 
an organic solvent selected from the group consisting of chloroform, dichloromethane, carbon tetrachloride, hex- 
ane, heptane, cyclohexane, xylene, benzene, dichloroethylene, trichloroethylene, dioxane, diisopropyl ether, tet- 

35 rahydrofuran and toluene. 

10. The process of any preceding claim wherein the reaction is conducted at a temperature ranging from 20°C to 
140°C. 

40 
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